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INTRODUCTION 

The b u l k  o f  t h e  o rgan ic  ma t te r  i n  c o a l s  c o n s i s t s  of a macromolecular 
m a t e r i a l  o f  complex and v a r i a b l e  composi t ion.  Many workers have attempted 
t o  degrade coa ls  t o  s m a l l e r  molecules which cou ld  be i d e n t i f i e d  and i n t e r -  
p r e t e d  i n  terms o f  coa l  s t r u c t u r e .  
impor tan t  degradat ion methods. 
been used. Among these were HN03, HN03-KzCr~07, KMnOa, 02, HzOZ-03 and NaOC1, 
a l l  d r a s t i c  ox idants .  Because these reagents i n  general r e s u l t  i n  ex tens i ve  
r i n g  degradations, with benzene c a r b o x y l i c  ac ids  t h e  o n l y  aromat ic  compounds 
i d e n t i f i e d ,  they have been o f  l i m i t e d  usefu lness.  
compare the products  f rom d r a s t i c  ox idan ts  w i t h  more s e l e c t i v e  ones designed 
t o  break up t h e  macromolecules i n t o  i d e n t i f i a b l e  u n i t s  w i t h  a minimum of 
chemical change so t h a t  u n i t s  indigenous t o  coa ls  can be i d e n t i f i e d .  
found aqueous NazCr-207 t o  be s e l e c t i v e  and have repo r ted  a number of  p o l y -  
nuc lea r  aromatic u n i t s  which r e s u l t e d  from t h e  dichromate o x i d a t i o n  o f  a 
bituminous coa l  and which we b e l i e v e  t o  be ind igenous t o  t h e  coal  ( 1 ) .  We 
have explored a number o f  o x i d i z i n g  agents us ing  t h e  samples l i s t e d  i n  T a b l e l .  

Table 1 

Ox ida t i on  has been one o f  t h e  more 
To date a number o f  o x i d i z i n g  agents have 

Our approach has been t o  

We have 

Elemental Analyses o f  Samples (maf %)  

No. Sample C H N S 0 (by d i f f )  

L i g n i t e  (Sher idan Wyoming) 64.4 5.3 1.1 1.1 28.1 
Bituminous ( I l l i n o i s  
Seam #2) 77.8 5.4 1.4 2.1 13.3 
Bituminous ( P i t t s b u r g h  
Seam #8) 82.7 5.5 1.3 2.8 7.7 
An th rac i te  (Pennsylvania 
PSOC #85) 91.3 3.9 0.6 1.1 3.1 

SRC benzene-methanol e x t .  86.2 5.6 1.8 0.7 5.7 
Char 84.9 1.7 --- --- 
Svn the t i c  Polvmer ( f rom 

SRC ( f rom P i t t s b u r g h  Seam*#8) 87.2 5.5 1.8 1.2 4.3 

--- 

F; scher-TropGh) ( 2 )  80.0 5.1 1.3 0.0 13.6 
Polymeric M a t e r i a l  ( f rom 
Murchison M e t e o r i t e  ( 2 ) )  76.1 4.6 2.8 1.3 15.2 

.* 
The SRC was f r a c t i o n a t e d  i n t o  3 f r a c t i o n s  on t h e  bas i s  o f  s o l u b i l i t y :  hexane 
(4.5%), benzene-methanol m i x t u r e  (82.3%), p y r i d i n e  (11.8%) and a small  
res idue  (1.4%). 
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I n  a d d i t i o n  t o  f o u r  coa ls ,  a so l ven t  r e f i n e d  coal  (SRC) and two complete ly  
a b i o t i c  samples, t h e  s y n t h e t i c  F ischer-Tropsch polymer, and the  polymer f rom 
t h e  Murchison me teo r i t e ,  were used f o r  comparison and t o  t e s t  t h e  o x i d a t i o n  
methods. 

RESULTS AND DISCUSSION 

I d e n t i f i c a t i o n  o f  products :  I n  general t h e  products  o f  o x i d a t i o n  were 
c h i e f l y  c a r b o x y l i c  ac ids  which were e s t e r i f i e d  w i t h  diazomethane t o  i nc rease  
t h e i r  v o l a t i l i t y  f o r  e a s i e r  a n a l y s i s  by t i m e - o f - f l i g h t  mass spect rometry  
(TOFMS), a v a r i a b l e  temperature s o l i d  i n l e t ,  GC-TOFMS and h igh  r e s o l u t i o n  mass 
spectrometer (HRMS). 

w i t h  70% HN03 f o r  16-24 hours y i e l d i n g  a c l e a r  orange co lo red  s o l u t i o n .  
a c i d  so lu t i ons  were evaporated t o  dryness under reduced pressure and t h e  
res idue  weighed. 
s o l i d  probe. 
molecular  i ons  and fragments, i n  p a r t i c u l a r  (M-OCH3)+, were used f o r  iden- 
t i f i c a t i o n .  I n  F igu re  1 a r e  summarized t h e  data f o r  benzene c a r b o x y l i c  
ac ids  (as t h e i r  methyl e s t e r ) .  The s y n t h e t i c  sample had been prepared by 
hea t ing  CO, Hz and NH3 w i t h  an Fe-Ni c a t a l y s t  a t  200°C f o r  s i x  months ( 2 ) .  
I t  was a macromolecular m a t e r i a l  i n s o l u b l e  i n  o rgan ic  so lvents ,  HC1, HF 
and KOH. Despi te  t h e  d r a s t i c  n a t u r e  o f  t h e  n i t r i c  a c i d  o x i d a t i o n  i t  appears 
t h a t  usefu l  i n f o r m a t i o n  can be obta ined by t h e  procedure. For example t h e  
y i e l d  o f  t o t a l  ac ids  and the  number o f  c a r b o x y l i c  a c i d  groups pe r  benzene 
r i n g  seem c o r r e l a t e d  w i t h  ;he degree o f  condensat ion o f  the o r i g i n a l  m a t e r i a l .  
The spect ra f rom t h e  s y n t h e t i c  sample f rom t h e  Fischer-Tropsch r e a c t i o n ,  and 
from char a r e  r e l a t i v e l y  s imple c o n s i s t i n g  p r i m a r i l y  o f  t he  benzene carboxy- 
l i c  a c i d  es te rs  w i t h  f rom two t o  s i x  e s t e r  groups. 
coal  der ived products  (except  f o r  cha r )  a r e  more complex and con ta ined  n i t r o  
s u b s t i t u t e d  e s t e r s  and p y r i d i n e  d e r i v a t i v e s .  Note t h e  s i m i l a r i t y  between t h e  
syn the t i c  sample and t h e  char  prepared from I l l i n o i s  b i tuminous coa l  by 
hea t ing  under vacuum t o  800°C. The abundance o f  t h e  benzene hexacarboxy l ic  
a c i d s  f o r  these two suggest a h igh  degree o f  condensation i n  the o r i g i n a l  
samples. The s i m i l a r i t y  i n  d i s t r i b u t i o n  o f  t h e  o x i d a t i o n  products  from the  
two bituminous coa ls  ( t h e  I l l i n o i s  and P i t t s b u r g h )  i s  s t r i k i n g .  The s o l v e n t  
r e f i n e d  coal  de r i ved  f rom t h e  P i t t s b u r g h  #8 coal  i s  shown l a t e r  (F igu re  3, 
Table 2 )  t o  have a h ighe r  degree o f  aromat ic  r i n g  condensation than i t s  feed 
coa l .  Thus i t  i s  s u r p r i s i n g  t o  see t h e  s h i f t  t o  fewer ac id  groups f o r  SRC. 
Th is  may mean t h a t  many a l i p h a t i c  c r o s s l i n k s  were dest royed i n  t h e  SRC p ro -  
cess and evolved as l i g h t  hydrocarbons. 

The r e s u l t s  f rom t h e  m e t e o r i t i c  polymer ( n o t  shown i n  F igu re  1 )  were 
ve ry  s i m i l a r  t o  those o f  t h e  s y n t h e t i c  polymer. 

Sodium dichromate o x i d a t i o n :  I n  general 1-3 g o f  sample was heated a t  
250°C f o r  36-40 hours w i t h  excess Na2Cr207 (60-120 m l  o f  0.4 - 0.6 bJ) w i t h  
s t i r r i n g .  Th is  procedure o x i d i z e s  s i d e  chains and a l i c y l i c  appendages t o  
po lynuclear  aromat ic  systems w i t h  a minimum o f  degradat ion o f  aromat ic  r i n g s  
( 3 ) .  We have found t h a t  model compounds a r e  o x i d i z e d  i n  h i g h  y i e l d s  (78- 
95%) Samples 1, 2, 3, 4, 6, and 
9 were ox id i zed  w i t h  Na2Cr207 w i t h  a h i g h  degree o f  convers ion t o  s o l u b l e  o r  

N i t r i c  Ac id Ox ida t i on :  A l l  samples o f  Table 1 except  #6 were r e f l u x e d  
The 

The methy lated ac ids  were analyzed by GC-MS, HRMS and the  
Fragmentation p a t t e r n s  and p r e c i s e  mass de te rm ina t ion  o f  bo th  

The coal  samples and 

t o  t h e i r  corresponding c a r b o x y l i c  ac ids .  
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v o l a t i l e  compounds (70-100%). 
o f  t h e  weight  o f  t h e  o r i g i n a l  samples. The a n t h r a c i t e  a l s o  y i e l d e d  17% o f  a 
humic a c i d  t ype  m a t e r i a l  o f  h i g h  mo lecu la r  weight  s o l u b l e  i n  a l k a l i n e  so lu -  
t i o n .  I n  F igu re  2 a r e  shown g r a p h i c a l l y  t h e  r e l a t i v e  abundances o f  aromat ic  
and heteroaromat ic  u n i t s  produced by t h e  d ichromate o x i d a t i o n  o f  t h r e e  coa ls  
(samples 1, 2 and. 4 ) .  I t  i s  obv ious t h a t  t h e  degree o f  aromat ic  condensation 
increases w i t h  rank o f  coa l  f rom l i g n i t e  t o  b i tuminous t o  a n t h r a c i t e .  The 
NazCr207-aq o x i d a t i o n  procedure has been quest ioned because o f  t h e  p o s s i b i l i t y  
t h a t  major s t r u c t u r a l  rearrangement w i t h  p y r o l y t i c  f o rma t ion  o f  po lynuclear  
aromat ic  compounds m i g h t  occur  d u r i n g  t h e  r e a c t i o n  a t  25OOC (4 ) .  The f a c t  
t h a t  no polynuclear  aromat ic  compounds w i t h  more than two fused r i n g s  were 
detected i n  t h e  o x i d a t i o n  products  o f  l i g n i t e  (sample 1) and t h a t  t h e  degree 
o f  condensation i nc reases  w i t h  rank  o f  coa l  i s  i n t e r n a l l y  c o n s i s t e n t  and 
suggests t h a t  condensat ion d u r i n g  o x i d a t i o n  w i t h  Na2Cr207 i s  minimal. 
b lank  experiment b i tuminous coa l  (sample #2 )  which had been e x t r a c t e d  w i t h  
an organic  s o l v e n t  t o  remove t rapped compounds was heated a t  250°C f o r  40 
hours w i t h  water. An i n s o l u b l e  res idue  96.2% and ino rgan ic  s a l t s  2.9% were 
obta ined.  Mass a n a l y s i s  o f  t h e  res idue  was i n d i s t i n g u i s h a b l e  f rom t h a t  o f  
t h e  o r i g i n a l  coa l  and t h e  H/C r a t i o  was unchanged. 
p y r o l y s i s  s tud ies  o f  t h e  coal  showed no evidence o f  s i g n i f i c a n t  thermal 
decomposit ion u n t i l  heated above 250°C. 

The gas chromatograms o f  t he  o x i d a t i o n  products  (as methyl e s t e r s )  from 
t h e  P i t t sbu rgh  coal  (sample 3 )  and i t s  SRC (benzene methanol ext ract -sample 
6) a re  shown i n  F igu re  3. The numbered peaks a r e  i d e n t i f i e d - i n  Table 2. A 
g rea te r  degree o f  a romat i c  condensat ion o f  t h e  SRC e x t r a c t  over t h a t  o f  i t s  
feed coal i s  observed. For example, naphthalene and phenanthrene r i n g s  a r e  
much more abundant i n  t h e  SRC. 
h e t e r o c y c l i c  t o  have s u r v i v e d  t h e  SRC process. 

product  o f  t h e  m e t e o r i t e  polymer: 
threne, f l uo ran thene  ( o r  pyrene), chrysene, f luorenone,  benzophenone, 
anthraquinone, d ibenzofuran,  benzothiophene, dibenzothiophene, p y r i d i n e ,  
q u i n o l i n e  o r  i s o q u i n o l i n e  and ca rbazo le  ( 2 ) .  
genera l l y  accepted i d e a  t h a t  t h e  polymer ic  m a t e r i a l  i n  me teo r i t es  has a 
h i g h l y  condensed a romat i c  s t r u c t u r e  (2, 5, 6)  and g i ves  us conf idence i n  t h e  
dichromate o x i d a t i o n  procedure. 

Photochemical o x i d a t i o n s :  O x i d a t i o n  by a i r  bubb l i ng  through an aqueous 
HC1 s o l u t i o n  w h i l e  i r r a d i a t i n g  w i t h  u l t r a v i o l e t  l i g h t  from a h i g h  pressure 
mercury lamp was i n v e s t i g a t e d .  I n  Table 3 a r e  shown t h e  r e s u l t s  obta ined 
w i t h  model compounds. 
t h a t  aromatic hydrocarbons a r e  r e a d i l y  o x i d i z e d  t o  benzene c a r b o x y l i c  ac ids.  
On t h e  o t h e r  hand N-he te rocyc l i cs  r e s i s t  o x i d a t i o n .  I n  Table 4 a re  l i s t e d  
t h e  aromatic c a r b o x y l i c  ac ids  i s o l a t e d  f rom a b i tuminous coa l  (sample 2)  
a f t e r  photochemical o x i d a t i o n .  The products  from l i g n i t e  (sample #1 )  were 
p r i m a r i l y  benzene c a r b o x y l i c  ac ids  w i t h  o n l y  t r a c e s  o f  p y r i d i n e  t r i c a r b o x y l i c  
a c i d s  and xanthone d i -  and t r i c a r b o x y l i c  ac ids .  Several a l i p h a t i c  c a r b o x y l i c  
a c i d s  were i d e n t i f i e d  ( a f t e r  me thy la t i on )  i n  t h e  pho to -ox ida t i on  product  o f  
bituminous by TOF v a r i a b l e  temperature s o l i d  i n l e t  and HRMS. 
methyl es te rs  o f  malonic  ac id ,  s u c c i n i c  a c i d ,  g lu tamic  a c i d  and sa tu ra ted  
monocarboxyl ic ac ids  (CH3-(CHz)n-COOCH3 n = 1-7). 

The y i e l d s  o f  s o l u b l e  compounds were 50-70% 

I n  a 

Furthermore, d e t a i l e d  

The d ibenzofuran r i n g  i s  t h e  most abundant 

F i f t een  aromat ic  r i n g  systems were i d e n t i f i e d  i n  t h e  Na2Cr207 o x i d a t i o n  
benzene, b ipheny l ,  naphthalene, phenan- 

These da ta  suppor t  t he  

From t h e  r e s u l t s  w i t h  t h e  model compounds it appears 

They a r e  

The fragments f o r  3-methyl 
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C Peak Number o f  
Number -COOCH3 

1 
5 

10 
4 
2 
8 

16 

13 
20 

19 

11 

R e l a t i v e  Abundance 

SRC E x t r a c t  Coal 
(5  15X)b 

12 

18 

6' 
9d 

Benzene 

Biphenyl 
Naphthalene 

Phenanthrene 

PyrenelFluoranthene 

F1 uorenone 

Anthraquinone 

D i  benzofuran 

Xanthone 

Benzothiophene 
Dibenzothiophene 

P y r i d i n e  
Carbazole 

Benzoquinol i n e / A c r i d i  ne 

2 
3 
4 
1 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
1 
2 
3 
1 
2 
1 
2 
3 
1 
2 
3 
1 
1 
2 
3 
1 
2 
1 
2 
3 

100 
58 

9 
3 

47 
82 
24 

7 
82 

8,25 
5 

1 ( T I  
7 
4 
4 
3 
3 

26 
3 

32 
9 

10 
4 
6 

2 0 )  --- 
2 

--- 
--- 

4 
3 
3 
5 
2 

100 
29 
10 
9 

30 
29 
8 
3 

28 
8 
7 

3 
2 
8 
2 

4 

21 
4 
4 
9 
7 
3 
4 
8 
5 

5 ( T I  
3 
4 
7 
4 
2 

11 
22 

--- 

--- 
--- 



Table 2 (Footnotes)  

a92% o f  t h e  e x t r a c t  was o x i d i z e d  and t h e  y i e l d  o f  t o t a l  a c i d i c  and non-ac id i c  
l e s s  v o l a t i l e  compounds was %59%. 
ox id ized;  Y i e l d  o f  t o t a l s  was %58%. 

For the  feed coa l ,  84% o f  t h e  coa l  was 

bBenzene d i c a r b o x y l i c  a c i d  methy l  e s t e r  i s  normal ized t o  100. 

‘Peak no. 6 i s  t e n t a t i v e l y  i d e n t i f i e d  as tr imethoxyxanthone. 

dPeak no. 9 shows prominent  mass i ons  a t  216 and 215. HRMS shows t h e i r  
elemental composi t ion corresponding t o  C ~ Z H I ~ O ~ N ,  C12H903N or C9H1206, 
CqHl1O6. I d e n t i f i c a t i o n  has n o t  been made a t  t h i s  present  t ime. 

T = i d e n t i f i c a t i o n  t e n t a t i v e ;  --- - - n o t  detected;  x = peak cons is t s  o f  more 
than one component which a r e  d i f f i c u l t  t o  i d e n t i f y  by GC-MS. 

I t a l i c s  i n d i c a t e  t h a t  i d e n t i f i c a t i o n  and e s t i m a t i o n  o f  r e l a t i v e  abundances 
were made by TOF v a r i a b l e  temperature s o l i d  i n l e t  and HRMS, because o f  d i f -  
f i c u l t y  o f  i d e n t i f i c a t i o n  by GC-MS. 

Table 3 
Photochemical Ox ida t i on  o f  Model Compounds 

* 

Compound Unreacted’ 1 ( % I  
p-c reso l  
a n i s o l e  
naphthalene 
I, 4-diMe-naphthaZene 
2,6-diMe-naphthalene 
indane 
f 1 uorene 
acenaphthene 
phenanthrene 
pyrene 
d i  benzofuran 
xanthone 
dibenzothiophene 
carbazole 
N-Et-carbazol e 
po Zy (2-vinytpyridine) 
-poZgstpene potgmer 
*The o x i d a t i o n  was c a r r  

0 
0 
8 
5 
7 
3 
8 

10 
24 
12 
32 
78 
43 
78 
83 

8 

ed o u t  i n  

§ Major Ox ida t i on  Products 

un iden t .  smal l  species, polymer 
un iden t .  smal l  species, polymer 
p h t h a l i c  a c i d  
p h t h a l i c  a c i d  
benzene-1,2,4-tricarboxylic a c i d  
p h t h a l i c  a c i d  
f l  uorenone 
p h t h a l i c ,  naphthalene-1,8-dicarboxylic ac ids  
p h t h a l i c  ac id ,  phenanthrene-9,lO-di ketone 
benzene tri- and te t raca rboxy l  i c  ac ids  
s tyrene,  sa l  i c y c l  i c  a c i d  
u n i d e n t i f i e d  c h l o r o  compounds 
s tyrene,  t h i  ophenol 
polymer 
 DO^ m e r  
pyGd ine -2 -ca rboxy l  i c ,  pyr id ine-2-a ldehyde,  
benzoic, malonic ,  and succ in i c  a c i d s  
0% aq. HC1 s o l u t i o n  f o r  6-10 days. 

tVa lues  a r e  accu ra te  t o  + lo%.  
SAfter p r e l i m i n a r y  separs t i on  i n t o  a c i d i c ,  n e u t r a l ,  and bas i c  f r a c t i o n s ,  p ro -  
duc ts  were i d e n t i f i e d  by TOFMS w i t h  v a r i a b l e  temperature s o l i d  i n l e t .  Except 
f o r  t he  f i r s t  two samples and t h e  two carbazoles,  a l l  i d e n t i f i c a t i o n s  were 
checked by h i g h - r e s o l u t i o n  MS. For  t h e  i t a l i c i z e d  samples, GC-MS was used as 
w e l l ,  a f t e r  e s t e r i f i c a t i o n  o f  t h e  product .  

A l l  major  p roduc ts  were accompanied by l e s s e r  amounts o f  t h e i r  mono- 
c h l  o r 0  d e r i v a t i v e s .  
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Table 4. Footnotes 

aSome p r e l i m i n a r y  r e s u l t s  were repo r ted  e a r l i e r  (1) .  I d e n t i f i c a t i o n  based on 
TOF v a r i a b l e  temperature s o l i d  i n l e t ,  GC (Carbowax 20 M)-TOFMS and h i g h  
r e s o l u t i o n  MS. 

R e l a t i v e  bBenzene t r i c a r b o x y l i c  a c i d  methyl e s t e r  i s  normal ized t o  100. 
abundances were es t ima ted  f rom t h e  GC and an i n t e g r a t i o n  o f  t he  base peak 
o f  each compound d u r i n g  t h e  t ime  t h a t  t h e  sample was complete ly  v o l a t i l i z e d  
i n  t h e  MS. 
CMonochlorobenzene c a r b o x y l i c  a c i d s  were always ob ta ined  when coa l  o r  model 

compounds were o x i d i z e d  i n  10% HC1 aq. s o l u t i o n .  
o t h e r  aromatics were a l s o  observed i n  ve ry  low y i e l d .  

Na2CrZO7-oxidation ( l ) ,  w h i l e  pho to -ox ida t i on  produced d ibenzofuran carboxy- 
l i c  ac ids i n  low y i e l d .  
dest royed most o f  t h e  d ibenzofuran r i n g .  

Ch lo roca rboxy l i c  a c i d s  o f  

d R e l a t i v e l y  l a r g e  amounts o f  dibenzofurans were found t o  be produced by 

Perhaps t h i s  shows the  photochemical procedure 

eFor p y r i d i n e  d i c a r b o x y l i c  ac id ,  o n l y  c h l o r o d e r i v a t i v e s  were found. 

fThe prev ious es t ima tes  o f  r e l a t i v e  abundances ( 1 )  were somewhat h igh .  

gThe products o f  l i g n i t e  pho to -ox ida t i on  i n  5% KOH aq. s o l u t i o n  were very 

hPolynuclear aromat ic  c a r b o x y l i c  ac ids  such as naphthalene and phenanthrene 

s i m i l a r  t o  those shown i n  t h i s  Table. 
benzene c a r b o x y l i c  ac ids  were i d e n t i f i e d .  

found i n  t h e  Na2Cr207 o x i d a t i o n  product  (see F ig.  2 )  a r e  n o t  observed i n  t h i s  
product .  
compounds a r e  o x i d i z e d  by t h e  present  procedure. 

I n  a d d i t i o n  some mono- and d ime thy l -  

From ou r  model experiments, we have found t h a t  these a romat i c  

T = i d e n t i f i c a t i o n  t e n t a t i v e .  

and 3,3-dimethyl a l i p h a t i c  c a r b o x y l i c  a c i d  methyl e s t e r s  were a l s o  seen i n  
t h e  mass spect ra.  
o f  1 i g n i t e .  

experiments desc r ibed  above aromat ic  u n i t s  w i t h  pheno l i c  groups would have 
been destroyed. 
m i x t u r e  under m i l d  c o n d i t i o n s  o x i d i z e s  humic ac ids  w h i l e  p rese rv ing  phenols. 
Us ing t h i s  procedure we have o x i d i z e d  l i g n i t e  (sample #1)  and b i tuminous coal  
(sample #2 )  w i t h  ove r  80% convers ion t o  methanol s o l u b l e  ac ids  and have 
methy lated t h e  a c i d s  produced. 

f rom l i g n i t e  i s  shown i n  F igu re  4. 
pounds was made by c o i n c i d e n t  MS and HRMS o f  t h e  m i x t u r e .  
i d e n t i f i e d  gave t h e  f o l l o w i n g  approximate d i s t r i b u t i o n :  
methyl-benzene, 22.1% methoxy-benzene, 15.9% f u r a n  and 18.2% d i b a s i c  a l i -  
pha t i c .  For  t h e  b i tuminous coal  t h e  methoxy d e r i v a t i v e s  were h a l f  as abun- 
dant. 
o f  t h e  bituminous c o a l .  

A s i m i l a r  obse rva t i on  was made f o r  t h e  o x i d a t i o n  product  

Hydrogen Perox ide-Acet ic  Ac id:  It i s  probable t h a t  i n  the o x i d a t i o n  

S c h n i t z e r  e t  a l .  (7)  have shown t h a t  an a c e t i c  acid-H202 

The gas chromatogram o f  t he  aromat ic  p o r t i o n  o f  t h e  methy lated product  
The i d e n t i f i c a t i o n  o f  i n d i v i d u a l  com- 

The methy l  e s t e r s  
36.1% benzene, 7.6% 

These r e s u l t s  suggest t h a t  t h e  l i g n i t e  has t w i c e  the  pheno l i c  con ten t  
It i s  i n t e r e s t i n g  t o  no te  t h a t  methyl f u r a n  

162 



t e t r a c a r b o x y l a t e  has been i d e n t i f i e d  and o t h e r  f u r a n  d e r i v a t i v e s  have been 
t e n t a t i v e l y  i d e n t i f i e d ,  

I t  appears t h a t  t h e  c o a l s  a r e  a c t i n g  as c a t a l y s t s  f o r  t h i s  o x i d a t i o n .  
I f  2,6-dimethylnaphthalene i s  reacted w i t h  H202 under t h e  same c o n d i t i o n s  as 
used f o r  t h e  coals ,  o n l y  2,6-dimethylnaphthaquinone i s  i s o l a t e d  i n  e s s e n t i a l l y  
q u a n t i t a t i v e  y i e l d .  Wi th  t h e  a d d i t i o n  o f  a small  amount o f  l i g n i t e  t o  t h e  
reac t i on ,  5-methyl p h t h a l i c  a c i d  i s  obta ined as t h e  major product .  A lso no 
hydroxy lated benzene c a r b o x y l i c  ac ids  were i s o l a t e d  which i n d i c a t e s  t h a t  
t h i s  procedure does n o t  hyd roxy la te  aromat ic  r i n g s .  T r a n s i t i o n  meta ls  a r e  
known t o  ca ta l yze  r e a c t i o n s  o f  hydrogen perox ide.  P a r t  o f  t h e  c a t a l y t i c  
e f f e c t  may be due t o  t h e  m ine ra l  m a t t e r  i n  t h e  coa l .  

No polyhydroxy1 benzene c a r b o x y l i c  ac ids  have been observed i n  t h e  
products  from e i t h e r  coal .  
r i n g  o x i d a t i o n  and subsequent degradation. 
coal  o f  these species i s  probably  smal l .  
ve ry  r e a c t i v e  and probably  would n o t  s u r v i v e  t h e  c o a l i f i c a t i o n  process. 
We have examined aqueous NaOH e x t r a c t  o f  t he  Wyoming l i g n i t e .  Numerous 
hydroxy lated aromat ic  hydrocarbons and aromat ic  ac ids  were i d e n t i f i e d ,  b u t  
no polyhydroxy lated species were detected.  

It i s  expected t h a t  these species would undergo 
However, t h e  concen t ra t i on  i n  

These compounds a r e  expected t o  be 

Sodium Hypoch lo r i t e  Ox ida t i on :  On t h e  bas i s  o f  r e s u l t s  o f  o x i d a t i o n  o f  
coa l  w i t h  NaOC1, Chakrabar t ty  e t  a l .  have suggested t h a t  coa l  has a non- 
aromatic " t r i c y c l o a l  kane o r  polyamantane" s t r u c t u r e  (8). They p o i n t e d  o u t  
t h a t  no evidence f o r  aromat ic  compounds o t h e r  than benzene d e r i v a t i v e s  was 
found i n  t h e i r  o x i d a t i o n  product .  The s p e c i f i c i t y  o f  NaOCl as an o x i d a n t  
has been questioned (9)  and i s  s t i l l  i n  d i s p u t e  (10) .  
r e s o l v e  t h e  quest ion and have o x i d i z e d  samples 6, 9, and 2,6-dimethyl 
naphthalene under c o n d i t i o n s  descr ibed by Chakrabar t ty  e t  a l .  (8, 10, 11 ) .  
O f  p a r t i c u l a r  i f t e r e s t  i s  t h e  o x i d a t i o n  o f  t h e  polymer ic  m a t e r i a l  f rom t h e  
Murchison m e t e o r i t e  (sample 9 ) .  Numerous s tud ies  have shown t h i s  m a t e r i a l  
t o  be a h i g h l y  condensed aromat ic  s t r u c t u r e .  
accord ing t o  the  method o f  Chakrabar t ty  e t  a l .  
by NaOCl o x i d a t i o n  a t  60°C f o r  3-4 hours almost no o x i d a t i o n  was observed 
f o r  n i t r a t e d  samples 6 (SRC) o r  9 (me teo r i t e )  w h i l e  26% o f  n i t r a t e d  d ime thy l  
naphthalene was conver ted t o  benzene c a r b o x y l i c  ac ids  and t h e i r  n i t r o  and/or  
methy l  d e r i v a t i v e s .  No naphthalene ac ids  were detected.  When t h e  r e a c t i o n  
was cont inued f o r  15 hours, a t  65-70°C 57% o f  sample 9 and 42% o f  sample 6 
were ox id i zed  t o  water s o l u b l e  ac ids .  Polynuclear  aromatic and h e t e r o c y c l i c  
a c i d s  were n o t  detected i n  t h e  o x i d a t i o n  products  o f  e i t h e r  sample a l though  
bo th  are h i g h l y  aromatic. Benzene c a r b o x y l i c  ac ids  were the  major  products  
( n i t r o  and/or methyl d e r i v a t i v e s  and a methyl c h l o r o  d i c a r b o x y l i c  a c i d ) .  
Apparently po lynuclear  aromat ic  systems were dest royed and t h e  p roduc t  d i s -  
t r i b u t i o n  c l o s e l y  resembled t h a t  from a n i t r i c  a c i d  ox ida t i on .  Obvious ly  
more work i s  needed t o  c l a r i f y  t h e  r o l e  o f  NaOCl i n  t h e  o x i d a t i o n  o f  c o a l .  

We a r e  a t tempt ing  t o  

A l l  samples were n i t r a t e d  
When n i t r a t i o n  was f o l l o w e d  
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Figure 1. 
methyl es ters ,  produced by n i t r i c  acid oxidation. n = number of (COOCH,) 
groups per benzene ring. 

Abundances (%) of benzene carboxylic acids,  determined as their 
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Figure 2. 
by sodium dichromate oxidation of lignite, bituminous and anthracite coals. 

Relative abundances of aromatic and heteroaromatic units produced 
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Figure 3. 
SRC benzene-methanol extract (a) and its feed coal, Pittsburgh 
Separations were made on an OV-101 SCOT column. 

Gas chromatograms of methylated Na2Cr20, oxidation products of 
(b). 
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